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ABSTRACT
Background: Observational studies have shown that higher body
mass index (BMI) is associated with increased risk of developing
disordered eating patterns. However, the causal direction of this
relation remains ambiguous.
Objective: We used Mendelian randomization (MR) to infer the
direction of causality between BMI and disordered eating in child-
hood, adolescence, and adulthood.
Design:MR analyses were conducted with a genetic score as an instru-
mental variable for BMI to assess the causal effect of BMI at age 7 y on
disordered eating patterns at age 13 y with the use of data from the Avon
Longitudinal Study of Parents and Children (ALSPAC) (n = 4473). To
examine causality in the reverse direction, MR analyses were used to
estimate the effect of the same disordered eating patterns at age 13 y
on BMI at age 17 y via a split-sample approach in the ALSPAC. We
also investigated the causal direction of the association between BMI
and eating disorders (EDs) in adults via a two-sample MR approach
and publically available genome-wide association study data.
Results: MR results indicated that higher BMI at age 7 y likely
causes higher levels of binge eating and overeating, weight and shape
concerns, and weight-control behavior patterns in both males and
females and food restriction in males at age 13 y. Furthermore, results
suggested that higher levels of binge eating and overeating in males at
age 13 y likely cause higher BMI at age 17 y. We showed no evidence
of causality between BMI and EDs in adulthood in either direction.
Conclusions: This study provides evidence to suggest a causal effect
of higher BMI in childhood and increased risk of disordered eating at
age 13 y. Furthermore, higher levels of binge eating and overeat-
ing may cause higher BMI in later life. These results encourage an
exploration of the ways to break the causal chain between these
complex phenotypes, which could inform and prevent disordered
eating problems in adolescence. Am J Clin Nutr
2017;106:764–72.
Keywords: ALSPAC, BMI, disordered eating, early life,
Mendelian randomization
INTRODUCTION
The direction of causation between adiposity and disor-
dered eating in children and adolescents is not well understood.
Previous observational studies have shown that higher adiposity,
which is usually measured via BMI, is associated with increased
risk of developing problematic eating attitudes and eating dis-
orders (EDs) (1–10). For example, a study of 6140 fourteen-
year-old males and females from the Avon Longitudinal Study
of Parents and Children (ALSPAC) showed that higher BMI at
age 10 y was prospectively associated with ED behaviors at age
14 y (9).
However, there has been evidence that reverse causation
is also at play, whereby disordered eating in childhood
predisposes individuals to excess weight gain in later life
(11–18). For example, children with problematic eating at-
titudes (measured with the use of the Children’s Eating
Attitudes Test) at age 11.5 y had 2-fold increased risk of
developing new-onset obesity 5 y later in a sample of 13,557
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participants from the Promotion of Breastfeeding Intervention
Trial (19).
The causal direction of association between adiposity and
disordered eating in early life cannot be confidently inferred
from observational studies, especially those with a cross-
sectional design, because inherent limitations such as con-
founding, bias, and reverse causation cannot be ruled out. One
method that aims to overcome such limitations is an in-
strumental variable (IV) analysis that is applied within an
observational epidemiologic context. For example, Wade et al.
(2) used parents’ BMI as an IV to assess the effect of BMI at
age 6.5 y on Children’s Eating Attitudes Test scores $85th
percentile (indicative of problematic eating attitudes) at age
11.5 y in the Promotion of Breastfeeding Intervention Trial.
Results suggested that higher BMI in childhood increased
risk of developing problematic eating attitudes 5 y later.
However, because problematic eating attitudes were not
measured any earlier to allow for a formal longitudinal ex-
amination of the association, the direction of association was
not conclusive.
A well-established application of an IV analysis to further
interrogate causality is Mendelian randomization (MR) (20–25).
In this application, genetic variants, which are randomly as-
signed at conception, are used as IVs for an exposure of interest
to estimate causal relations between an exposure and outcome in
attempts to overcome the issue of confounding and reverse
causation. In an extension, two-sample MR enables the gene-
exposure and gene-outcome estimates to be generated from 2
independent and larger samples, which are used to estimate the
causal effect of the exposure-outcome association with increased
statistical power (26).
The aim of the current study was to use MR to infer the causal
direction of the association between BMI (in kg/m2) and dis-
ordered eating in childhood, adolescence, and adulthood. First,
we assessed the causal effect of BMI at age 7 y on disordered
eating patterns at age 13 y. Second, we estimated the causal
effect of the same disordered eating patterns at age 13 y on
BMI at age 17 y in the ALSPAC. Third, we conducted a two-
sample MR analysis with publically available data to assess the
causal direction of the association between BMI and EDs
[specifically, anorexia nervosa (AN) and bulimia nervosa
(BN)] in adulthood.
METHODS
ALSPAC
The ALSPAC cohort is a prospective birth cohort study in
which 14,541 pregnant women who were living in Avon,
United Kingdom, with an expected delivery date from 1 April
1991 to 31 December 1992 were enrolled (27). Of these de-
liveries, 13,988 children were still alive 1 y later and have been
followed up with regular questionnaires and clinical measures
that provided behavioral, lifestyle, and biological data. The
study website contains details of all the data that are available
through a fully searchable data dictionary (http://www.bristol.
ac.uk/alspac/researchers/access/). Participants who had with-
drawn consent or who were related (only first-born children were
included) were excluded from the study for the current analyses
(n = 122).
Ethics
Ethical approval for the study was obtained from the ALSPAC
Ethics and Law Committee and the local research ethics
committees.
Measures of BMI
When children were 7 y old, they were invited to attend the
research clinic, and a total of 8297 children attended. Height was
measured to the nearest millimeter with the use of a Harpenden
Stadiometer (Holtain Ltd.). Weight was measured via the Tanita
Body Fat Analyzer (Tanita TBFUKLtd.) to the nearest 50 g. BMI
was calculated by dividing weight by height squared. Weight and
height measures were collected, and BMI was calculated ac-
cording to the same methods as were used at the research clinics
at ages 13 y (n = 6832) and 17 y (n = 5217) with weight recorded
to the nearest 0.1 kg at age 13 y.
Disordered eating patterns
When the children were 13 y old, parents of 10,135 children
(and an additional 479 children in a second phase) were sent a
questionnaire version of the ED section of the Developmental and
Well-being Assessment (28), which is a semistructured interview
for psychiatric diagnoses in children and adolescents. A total of
7165 questionnaires were returned. The section consisted of 28
questions, which provide information about ED behaviors and
cognitions, impairment on the adolescent’s life as a result of the
ED symptoms, and burden on the family and parents as a result
of the ED symptoms. The cognitions and behaviors that were
investigated included a fear of weight gain, being upset or dis-
tressed about weight and shape, the avoidance of fattening
foods, food restriction, exercising for weight loss, and purging
behaviors. Of these questions, 16 questions (15 questions in
males) were used in previous exploratory structural equation
models that derived 3 latent dimensions as follows: 1) binge
eating and overeating, 2) weight or shape concern and weight-
control behaviors (WCBs), and 3) food restriction (17). The
disordered eating patterns can be interpreted on the SD scale,
with higher scores indicating greater disordered eating.
Covariates
Data for the child’s age at the time of measuring the outcome,
sex, infant birth weight, gestational age, and recent measures of
diet and physical activity plus mother’s prepregnancy BMI and
socioeconomic status were included as covariates. Infant birth
weight was recorded at birth or from birth notification, and
gestational age was estimated from clinical records (29). Pre-
pregnancy weight was predicted from multilevel models on the
basis of obstetric medical records, and height was based on
maternal report (30). Mother’s prepregnancy BMI was calcu-
lated as previously described for children. Socioeconomic status
was derived from the highest social class on the basis of the
occupations of the mother and partner from questionnaire data
at w32 wk of gestation.
Dietary intake likely confounds the association between BMI
at age 7 y and the disordered eating patterns at age 13 y (6, 11).
Therefore, we included total caloric intake at age 6 y as a
covariate. Total caloric intake at age 6 y was previously estimated
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with linear-spline multilevel models of diet diaries and food-
frequency questionnaires (31). Similarly, total caloric intake at
age 12 y was used as a covariate in the association between
disordered eating patterns at age 13 y and BMI at age 17 y.
Physical activity was measured with the use of anMTI Actigraph
AM7164 2.2 accelerometer (Actigraph; www.theactigraph.com),
which was worn for 7 d at the 11-y clinic. Of the 6622 children
who agreed to wear the accelerometer, 5595 children had valid
physical activity data. Mean daily physical activity [counts per
minute (CPM)] and mean moderate-to-vigorous intensity physical
activity (defined as being .3600 CPM) were used as covariates in
the association between disordered eating patterns at age 13 y and
BMI at age 17 y (32).
Genetic variation
Genotyping was conducted for children in the ALSPAC with
the use of the Illumina HumanHap550 quad chip genotyping
platform. Genome-wide data were generated by Sample Logistics
and Genotyping Facilities at the Wellcome Trust Sanger Institute
and LabCorp (Laboratory Corporation of America) with the use
of support from 23andMe, a privately held personal genomics and
biotechnology company. Data were subject to quality-control
measures, and individuals were excluded because of having
$1 sex mismatches, minimal or excessive heterozygosity, dis-
proportionate missingness, or insufficient sample replication. A
total of 9115 children and 500,527 single nucleotide poly-
morphisms (SNPs) passed the filters. Imputation of the data was
performed with the use of a phased version of the 1000 Genomes
reference panel from the Impute2 reference data repository. After
further quality control, imputation and the removal of subjects
who had withdrawn consent, there were 8252 children with full
genotype data available.
Statistics
Observational associations
Observational associations between BMI at age 7 y and dis-
ordered eating patterns at age 13 y were assessed with multi-
variable linear regression in 3 models as follows: 1) adjusted for
age at which disordered eating was assessed; 2) adjusted for age
of disordered eating measure, child’s birth weight, gestational
age, mother’s prepregnancy BMI, and socioeconomic status; and
3) further adjusted for total caloric intake at age 6 y. Because the
prevalence and presentation of disordered eating are known to
vary between males and females (2, 9, 14, 33, 34), analyses were
stratified by sex.
MR analyses
A genetic score for BMI was constructed in the ALSPAC with
the use of external weightings from published data from the
Genome-Wide Investigation of Anthropometric Traits (GIANT)
consortium, which included #339,224 individuals for BMI (35).
A total of 96 independent SNPs were available in the ALSPAC
genetic data. Similar to a previous methodology (36), a weighted
genetic score for BMI was generated by multiplying the dose of
the effect allele at each SNP (0, 1, or 2), which was extracted
with the use of QCTOOL v1.4, by the effect estimate on each
SNP on BMI from the genome-wide association study (GWAS)
and taking the sum of these values. These values were divided
by the total sum of the effect estimates from the GWAS and
subsequently multiplied by the total number of SNPs influencing
that trait. Therefore, the genetic score reflects the number of
average BMI-increasing alleles that are carried by each in-
dividual. The resulting weighted genetic score was used in the 2-
stage least-squares MR analyses as an IV for BMI to improve
the causal inference in the association between BMI at age 7 y
and disordered eating patterns at age 13 y (Figure 1A).
Sensitivity analyses
A sensitivity analysis was conducted with the use of the
inverse-variance weighted (IVW) and MR-Egger methodologies,
which are distinct methodologies that aim to provide estimates
of a causal effect of the exposure (here, BMI) on an outcome of
interest (here, disordered eating patterns) with varying as-
sumptions of instrument validity. The IVWapproach assesses the
causal exposure-outcome association, constraining the intercept
term to zero, and, therefore, assumes all variants are valid IVs
with no pleiotropic effect on the outcome (i.e., no effect of any
SNP on the outcome independent of the exposure). One in-
dication of pleiotropy is a high degree of heterogeneity between
causal estimates of the individual SNPs combined with the use of
the IVW method. Therefore, Cochran’s test was used in the IVW
method to test for evidence of heterogeneity between individual
SNPs. The MR-Egger approach (unlike the IVW method) allows
the intercept term (of the causal exposure-outcome association)
to vary. The value of this intercept can be interpreted as an es-
timate of the overall directional pleiotropy across the genetic
variants with a nonzero intercept term indicating directional
pleiotropy (thus, invalidating MR assumptions). The slope of the
MR-Egger test provides an estimate of the causal exposure-
outcome association accommodating any pleiotropic effects
(37). For the MR-Egger method, Rucker’s Q test was used
FIGURE 1 Mendelian randomization applied to investigating the causal
direction of the association between BMI and disordered eating. Age is
expressed in y. (A) DAG for the causal effect of higher BMI causing disor-
dered eating whereby a weighted allelic score is used as an IV for BMI. (B)
DAG for the causal effect of disordered eating causing variation in BMI
whereby a genome-wide prediction score is used as an IV for disordered
eating patterns. DAG, directed acyclic graph; IV, instrumental variable.
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to assess the heterogeneity between individual SNPs while
adjusting for directional pleiotropy (38). The weighted me-
dian approach was also conducted as a sensitivity analysis,
which allows #50% of the SNPs that are used to be invalid
(i.e., pleiotropic) (39).
Second, as a sensitivity analysis to assess the causal direction
of the association between BMI and disordered eating patterns,
we conducted both observational and MR analyses of the as-
sociation between disordered eating patterns at age 13 y and BMI
at age 17 y in the ALSPAC sample. The observational association
between disordered eating patterns at 13 y of age and BMI at age
17 y was assessed via multivariable linear regression with the use
of the same 2 models as described previously with an additional
model adjusting for BMI that was measured at the age of 13 y.
Because, to our knowledge, there have been no GWASs that
have been conducted for the disordered eating patterns, we
conducted a split-sample GWAS to obtain genome-wide pre-
diction scores to use as IVs for the disordered eating patterns at
age 13 y in MR analyses (Figure 1B). To do this, the total sample
was randomly split into 2 subsamples, and genome-wide pre-
diction scores for the 3 disordered eating patterns were generated
for each separate subsample. The genome-wide significant SNPs
that were associated with BMI (from the GIANT study) were
excluded to avoid direct pleiotropy. These scores were used as
IVs for the disordered eating patterns in the other independent
subsample in a 2-stage least-squares MR analysis that assessed
the effect of disordered eating patterns at age 13 y on BMI at age
17 y. This method has previously been used to assess the causal
direction of the association between physical activity and BMI
(32). Finally, for the genetic scores that were used as IVs for both
BMI and the disordered eating patterns, associations with the
confounders were tested, and any that were strongly associated
were further added as covariates in MR analyses as a sensitivity
analysis. All analyses were conducted with the use of Stata
software (version 14; StataCorp) and R 3.2.0 software (R Core
Team).
Two-sample MR analyses
A two-sample MR approach (40) was conducted to assess the
causal direction of the association between BMI and disordered
eating (specifically, EDs) in adults with the use of publically
available data from the GIANT consortium and the Wellcome
Trust Case Control Consortium (WTCCC3) (n = 17,767 with
2907 cases). To assess the causal effect of BMI on AN, estimates
of the association between the 97 BMI SNPs from the GIANT
GWAS (35) and AN were obtained from the WTCCC3 data set
(41). Similarly, the causal effect estimate of AN on BMI was
calculated by obtaining estimates for the association between
the 15 AN SNPs from the WTCCC3 GWAS (41) and BMI from
the GIANT data set. To generate a causal estimate of the effect
of BMI on AN (and the reverse), the SNP-exposure and SNP-
outcome effect estimates were combined with the use of IVW,
weighted median, and MR-Egger methodologies, as described
previously. The online MR-Base tool was used to conduct two-
sample MR analyses with appropriate harmonization and merg-
ing of the exposure and outcome GWAS summary-level data
(42). In the same way, we also conducted analyses to assess the
association between BMI and BN with the use of the GIANT
GWAS (35) and the 23 SNPs that were most associated with BN
from Wade et al. (43).
RESULTS
Cohort description
Full data on the exposure and outcome (BMI at age 7 y and
disordered eating patterns at age 13 y, respectively) were avail-
able for 5780 participants. Of these participants, genetic data were
available for 4473 individuals. Descriptive statistics for the vari-
ables that were used are presented in Table 1.
Observational associations
After adjusting for confounders, there was a positive associ-
ation between BMI at age 7 y and both binge eating and over-
eating in both males [difference in binge eating and overeating
score per unit (kg/m2) increase in BMI: 0.19 SDs (95% CI:
0.17, 0.21 SDs); P = 3.963 10282] and females [difference: 0.13
SDs (95% CI: 0.11, 0.14 SDs); P = 5.25 3 10250] and weight
and shape concerns and WCBs for males [difference: 0.25 SDs
(95% CI: 0.23, 0.27 SDs); P = 4.65 3 102123] and females [dif-
ference: 0.20 SDs (95% CI: 0.19, 0.22 SDs); P = 2.133 102104] at
age 13 y. There was also a positive association with food re-
striction in males at age 13 y [difference: 0.13 SD (95% CI:
0.11, 0.14); P = 1.65 3 10241], which was much smaller in
females [difference: 0.03 SDs (95% CI: 0.02, 0.05 SDs);
P = 1.63 3 1025] (Table 2). There was evidence of sex-
differences for all disordered eating patterns with consistently
larger estimates in males than in females (Table 3). However,
the estimates in males generally had wider 95% CIs.
Association between the BMI genetic score and BMI at
age 7 y
The genetic score was associated with BMI at age 7 y [dif-
ference in mean BMI per allele increase: 0.06 (95% CI:
0.05, 0.07); P = 2.393 10233] and explained 3% of the variance
(Table 4).
MR analyses
MR analyses indicated that higher BMI at age 7 y had a likely
causal effect on higher levels of binge eating and overeating in
males [difference in binge eating and overeating score per unit
increase in BMI: 0.30 SDs (95% CI: 0.20, 0.40 SDs); P = 9.173
1029] and females [difference: 0.17 SDs (95% CI: 0.09, 0.25
SDs); P = 4.98 3 1025] and weight and shape concerns and
WCBs in males [difference: 0.39 SDs (95% CI: 0.29, 0.50 SDs);
P = 1.40 3 10212] and females [difference: 0.32 SDs (95% CI:
0.24, 0.41 SDs); P = 1.07 3 10212] at age 13 y. There was
evidence for a weaker causal effect of higher BMI at age 7 y on
higher levels of food restriction in males at age 13 y [difference:
0.09 SDs (95% CI: 0.0004, 0.19 SDs); P = 0.05], and this effect
was much weaker in females (Table 2). The effect estimates
from the MR analyses were larger than those from the obser-
vational analyses for weight and shape concerns in both males
and females (P = 0.01; Wu-Hausman test).
Sensitivity analyses
There was no evidence of a difference between the main and
sensitivity analyses with the use of IVW and MR-Egger
approaches (P = 0.23–0.83) (Supplemental Table 1). There was
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also no evidence of heterogeneity between the causal estimates
that were obtained with the use of each SNP in the IVWanalyses
(P = 0.27–0.997) even when accounting for directional pleiot-
ropy (P = 0.25–0.997) (Supplemental Table 1, Supplemental
Figure 1). There was varying evidence of an effect of pleiotropy
(P = 0.16–0.83), which slightly attenuated the effect estimate for
binge eating and overeating and food restriction in males with
rs7899106 and rs13201877 for binge eating and overeating and
rs11847697 for food restriction potentially being the main
drivers of any pleiotropic effect. Finally, the weighted median
approach revealed similar causal effects to those of the IVW and
MR-Egger methods (Supplemental Table 1), thereby indicating
that, even under the assumption that 50% of the IVs were
invalid, the effect estimates were not substantially changed.
Maternal prepregnancy BMI and predicted caloric intake at
age 6 y were associated with the genetic score for BMI (Sup-
plemental Table 2), and adjusting for these variables in the MR
analyses (Supplemental Table 3) made little difference to the
results. However, the finding for food restriction in males was
attenuated.
When we assessed the causal effect of disordered eating
patterns at age 13 y and BMI at age 17 y, there was a positive
observational association of binge eating and overeating at age
13 y and BMI at age 17 y in males [difference in mean BMI per
SD increase in the binge eating and overeating score: 2.10 (95%CI:
1.86, 2.34); P = 7.82 3 10258] and females [difference: 1.90
(95% CI: 1.67, 2.13); P = 1.07 3 10254] and weight and shape
concerns and WCBs at age 13 y and BMI at age 17 y in males
[difference: 2.16 (95% CI: 1.94, 2.38); P = 3.73 3 10270] and
females [difference: 1.83 (95% CI: 1.63, 2.03); P = 6.09 3
10267]. There was also a positive association between food re-
striction in males and BMI [difference: 1.22 (95% CI: 0.92,
1.51); P = 1.01 3 10215], which was much smaller in females
[difference: 0.42 (95% CI: 0.12, 0.72); P = 0.006] (Supple-
mental Table 4). The addition of BMI at age 13 y to the model
attenuated the effect sizes for these associations toward the null
(Supplemental Table 4) with a positive (albeit weaker) associ-
ation of binge eating and overeating and BMI in both males and
females still being observed.
In split-sample analyses, the genome-wide prediction scores
that were generated for binge eating and overeating in males and
weight and shape concerns and WCBs in both males and females
were associated with the corresponding disordered eating pat-
terns (Supplemental Table 5). In MR analyses using these
genome-wide prediction scores, there was evidence of a causal
effect of higher levels of binge eating and overeating in males at
age 13 y and higher BMI at age 17 y [difference in mean BMI
per SD increase in the binge eating and overeating score: 4.11
(95% CI: 0.25, 7.96); P = 0.04]. There was no evidence to
suggest a causal effect of any other disordered eating pattern at
age 13 y on BMI at age 17 y (Supplemental Table 6). Sensi-
tivity analyses showed that maternal prepregnancy BMI, CPM at
TABLE 1
Description of cohort for variables used in analyses1
Variable n2 Value
Baseline measures
Sex, F, % 19,254 48.40
Gestational age, wk 14,402 38.45 6 5.483
Birth weight, g 13,699 3392.89 6 570.23
Mother’s prepregnancy BMI, kg/m2 11,516 22.93 6 3.83
Highest socioeconomic status of mother and partner, %
nonmanual
11,824 52.82
BMI measures
Age at 7-y clinic 6616 7.54 6 0.32
BMI at age 7 y, kg/m2 6616 16.27 6 2.11
Age at 17-y clinic 5008 17.81 6 0.44
BMI at age 17 y, kg/m2 5008 22.87 6 4.24
Disordered eating measures
Age when disordered eating data collected, y 7076 13.16 6 0.18
Binge eating and overeating pattern, SD
Male 2577 20.31 6 0.77
Female 2989 20.08 6 0.76
Weight and shape concerns and WCBs, SD
Male 2577 0.05 6 0.84
Female 2989 0.02 6 0.87
Food restriction, SD
Male 2577 20.15 6 0.68
Female 2989 0.35 6 0.62
Dietary and physical activity measures
Predicted caloric intake at age 6 y 11,882 1555.46 6 128.73
CPM at age 11 y 5876 605.72 6 181.97
MVPA at age 11 y, min 5876 23.06 6 15.49
1 CPM, counts per minute; MVPA, moderate-to-vigorous intensity physical activity; WCB, weight control behavior.
2 Data for each of the variables were available after the removal of individuals who were related or had withdrawn
consent.
3Mean 6 SD (all such values).
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age 11 y, moderate-to-vigorous intensity physical activity at
age 11 y, and BMI at age 13 y were associated with the
genome-wide prediction score for weight and shape concerns
and WCBs in females at age 13 y (Supplemental Table 7),
and adjustment for these variables in the MR analysis reversed
the direction of the effect; however, 95% CIs were wide
(Supplemental Table 8).
Two-sample MR analyses
Two-sample MR analyses were conducted to investigate the
relation between BMI and EDs (AN and BN) in adults. After
harmonization and merging of the GWAS summary-level data,
there were 74 and 88 BMI SNPs that were available to estimate
the causal effect of BMI on AN and BN, respectively. For the
reverse direction, there were 8 AN SNPs and 10 BN SNPs that
were available to estimate the causal effect of AN and BN on
BMI after harmonization and merging of the GWAS summary-
level data. There was no indication of a causal effect of higher
BMI and AN (Supplemental Table 9) or the reverse (Sup-
plemental Table 10) or of a causal effect of higher BMI on
BN (Supplemental Table 11) or the reverse (Supplemental
Table 12).
DISCUSSION
Within this study, we showed evidence of a causal effect of
higher BMI at age 7 y on higher levels of binge eating and
overeating, weight and shape concerns, and WCBs in both
males and females and food restriction in males at age 13 y.
Furthermore, MR results also suggested a likely causal effect of
binge eating and overeating at age 13 y on higher BMI at age
17 y in males with a considerablew4.0-higher BMI with each
SD increase in the disordered eating score. This is the first
study, to our knowledge, to use genetic scores as IVs in an MR
approach to provide evidence for this causal relation.
Building on the current literature, these results support the
causal effect of elevated BMI in childhood and disordered
eating later in life (1–3, 5–9). In this context, individuals with
higher BMI in early life may be at higher risk of developing
disordered eating patterns (2, 7). Overweight children, as early
as 5 y old, have reported behaviors such as lower body esteem
and self-esteem than have thinner children because overweight
children are likely to be subject to social pressures that support
thinner body shapes (2, 44, 45).
In addition, our results also suggest that the reverse asso-
ciation may be true (i.e., that binge eating and overeating in
adolescence likely causes higher BMI at age 17 y), which may
be a direct result of loss-of-control eating and binge eating on
weight (11, 12). Individuals with a variety of disordered eating
patterns (weight control and dietary restraint, similarly to those
included in the current study) in early life are likely to gain
more weight than are those without such behaviors (11, 13, 14).
Therefore, large studies with the ability to explicitly test the
causal effect of a range of disordered eating patterns and at-
titudes on later adiposity, as was done in this current study,
would be beneficial to further understand the mechanisms that
link these 2 complex phenotypes.
A previous study that used the ALSPAC data set showed that a
BMI polygenic risk score (and the fat mass and obesity-associated TA
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gene polymorphism alone) was associated with binge eating later
in adolescence, thereby suggesting either that the 2 phenotypes
may share some genetic etiology or that these traits may be
causally linked (46). In the current study, there was no strong
evidence of pleiotropic effects, in either direction, with any par-
ticular SNP (i.e., no effect of the genetic variants on the outcome
of interest independent of the exposure). Therefore, the previously
reported association between the BMI polygenic risk score and
binge eating behavior may reflect causality.
Our results also highlight the sex differences in the relation
between BMI and disordered eating patterns. However, compared
with other literature that has investigated BMI and such patterns
(2, 8, 47), this study indicated stronger relations in males. One
study showed that weight concern and dieting were more strongly
associated with BMI in males than females (48). However, au-
thors have suggested that this result may be due to the lower
frequency of weight concern and dieting in males who have lower
BMI. Therefore, participants who exhibited the disordered be-
haviors may generally have higher BMI.
Our analyses did not provide evidence of a causal relation
between BMI and EDs (in either direction) in adults, which could
reflect the absence of causality at this stage in life. However,
because of the relatively small sample size of the AN GWAS
(n = 2907 cases) and the very small number of BN cases in Wade
et al. (43) (n = 151) that were used here, alongside the absence
of genome-wide significant SNPs associated with AN and BN
(e.g., none of the 23 SNPs from the BN GWAS reached genome-
wide significance, and they were not replicated), there was a
lack of power (and weak instrument bias) within these analyses.
However, the direction of the effect between BMI and AN is
consistent with previous research, which indicates an inverse
SNP-based genetic correlation between AN and BMI, extreme
BMI, being overweight, and the body fat percentage (49, 50).
Although we showed no evidence to support causality in this
context, the inverse genetic correlation between EDs and BMI
may support our initial findings, suggesting that binge eating
specifically, as opposed to AN (more drastic measures of weight
control such as fasting, skipping meals, and vomiting) (51), is
more likely causally linked to higher BMI. However, it is im-
portant to consider the phenotypic differences being studied
between the younger and adult populations within the current
study (i.e., disordered eating patterns compared with frank EDs);
therefore, the results across different stages of the life course are
not directly comparable.
The strengths of this study are the large sample size and the
availability of prospectively collected data at different ages that
were obtained from the ALSPAC cohort. In addition, the use of
MR can overcome inherent limitations of observational epide-
miologic studies because the general assumptions are met. First,
the IV that was used for BMI was strongly associated with BMI in
this sample, and the IV for the disordered eating patterns were
also associated with the corresponding exposures, thus satisfying
the first assumption of the MR methodology. Second, the use of
genetic variants as instruments overcomes the issue of con-
founding and reverse causation because these variants are
randomly assigned at conception and remain fixed throughout
the life course. Third, measurement error is reduced as a result
of the use of genotype data, which is measured to a high degree
of accuracy. In addition, we showed that the IV is indepen-
dent of potentially confounding factors by checking these associ-
ations directly, and sensitivity analyses that adjusted for these
made little difference to the results. Another assumption of
MR is that the IV is independent of the outcome because of the
exposure and factors that confound the exposure-outcome
relation (horizontal pleiotropy). With the novel methods (to
our knowledge) such as MR-Egger and weighted median
approaches used here, we were able to directly test for het-
erogeneity and pleiotropic effects within our analyses and
showed little evidence of either.
However, there are some limitations to this study. First, to our
knowledge, there have been no GWASs of the disordered eating
patterns that were used; therefore, wewere unable to performMR
to assess the causal effect of disordered eating patterns at age 13 y
on BMI at age 17 y in the conventional manner. Although we
used a split-sample technique to overcome this matter, there is an
issue of decreased power with this method whereby estimates
tend to be more biased toward the null (52). Furthermore, because
of the genome-wide nature of the prediction score and thresholds
that were used, this approach is generally more likely to be
subject to pleiotropy and confounding as some of the variants that
were included in the IV for the disordered eating patterns may
also be associated indirectly with BMI. However, to limit the
possible pleiotropic effect of SNPs that were included in the IV
TABLE 4
Association between BMI genetic score and BMI at age 7 y1
n b (95% CI)2 P R2
BMI at age 7 y 4473 0.06 (0.05, 0.07) 2.39 3 10233 0.03
1 Effect estimates represent the change in BMI (in kg/m2) per allele
increase in the genetic risk score. R2 represents the variance explained in
BMI by the weighted genetic score.
2 Adjusted for age and sex.
TABLE 3
Results of the interaction term (BMI by sex) for the fully adjusted observational analyses for males and females
combined1
Disordered eating pattern n b (95% CI)2 P
Binge eating and overeating 4223 20.06 (20.08, 20.04) 8.11 3 1029
Weight and shape concerns and WCBs 4223 20.05 (20.07, 20.02) 3.66 3 1025
Food restriction 4223 20.10 (20.11, 20.08) 4.27 3 10222
1 Effect estimates represent the change in each disordered eating pattern (SD) per unit increase in the interaction term
(i.e., for the comparison of females with males). WCB, weight control behavior.
2 Adjusted for all covariates, sex, and BMI-by-sex interaction term.
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that was generated for the disordered eating patterns to the best of
our ability, we removed SNPs that are known to be associated
with BMI.
The genetic score for BMI and the genome-wide prediction
scores for some of the disordered eating patterns are associated
with some of the considered confounders, thereby invalidating
one of the MR assumptions. However, adjusting for these factors
did not change the results substantially. Furthermore, because
maternal BMI (one of the confounders that is associated with the
BMI genetic score) shares common genetic variation with the
child’s BMI, the associations that were shown were not un-
expected. Last, MR has some other general limitations such as
canalization and population stratification, the latter of which is
unlikely to have had a large impact on our results because re-
lated individuals were removed, and the sample that was used is
of European ancestry.
In conclusion, our results suggest that higher BMI in childhood
is likely to cause disordered eating in adolescence. Furthermore,
our results suggest that there is evidence of a causal effect of
binge eating and overeating in males during early adolescence
and higher BMI 5 y later. However, further work is needed to
replicate these findings, especially after larger GWAS of disor-
dered eating patterns and EDs emerge. These results encourage
the exploration of ways in which to break the causal chain be-
tween childhood BMI and later disordered eating patterns (and
for the link between binge eating and overeating with later higher
BMI). Such research could inform and prevent the emergence of
disordered eating in adolescence and may, therefore, reduce the
incidence of such behaviors and associated metabolic distur-
bances later in life.
We thank all of the families who took part in this study, the midwives for
their help in recruiting the families, and the whole ALSPAC team, which in-
cludes interviewers, computer and laboratory technicians, clerical workers,
research scientists, volunteers, managers, receptionists, and nurses.
The authors’ responsibilities were as follows—ZER, KHW and GDS:
contributed to the planning and design of the analysis and drafting of the
paper; NM: advised on the use and analyses of the disordered eating pattern
measures and contributed to the final drafts of the paper; CMB: contributed
to the final drafts of the paper; ZER and KHW: served as guarantors for the
contents of this paper; and all authors: read and approved the final manu-
script. CMB is a grant recipient from, and consultant for, Shire Pharmaceu-
ticals. The remaining authors reported no conflicts of interest related to the
study.
REFERENCES
1. Lebow J, Sim LA, Kransdorf LN. Prevalence of a history of overweight
and obesity in adolescents with restrictive eating disorders. J Adolesc
Health 2015;56:19–24.
2. Wade KH, Skugarevsky O, Kramer MS, Patel R, Bogdanovich N,
Vilchuck K, Sergeichick N, Richmond R, Palmer T, Davey Smith G,
et al. Prospective associations of parental smoking, alcohol use, marital
status, maternal satisfaction, and parental and childhood body mass
index at 6.5 years with later problematic eating attitudes. Nutr Diabetes
2014;4:e100.
3. Stice E, Whitenton K. Risk factors for body dissatisfaction in adoles-
cent girls: a longitudinal investigation. Dev Psychol 2002;38:669–78.
4. Allen KL, Byrne SM, Forbes D, Oddy WH. Risk factors for full- and
partial-syndrome early adolescent eating disorders: a population-based
pregnancy cohort study. J Am Acad Child Adolesc Psychiatry 2009;48:
800–9.
5. Fairburn CG, Doll HA, Welch SL, Hay PJ, Davies BA, O’Connor ME.
Risk factors for binge eating disorder. Arch Gen Psychiatry 1998;55:
425–32.
6. Braet C, Van Strien T. Assessment of emotional, externally induced
and restrained eating behaviour in nine to twelve-year-old obese and
non-obese children. Behav Res Ther 1997;35:863–73.
7. Ranzenhofer LM, Tanofsky-Kraff M, Menzie CM, Gustafson JK,
Rutledge MS, Keil MF, Yanovski SZ, Yanovski JA. Structure analysis
of the Children’s Eating Attitudes Test in overweight and at-risk for
overweight children and adolescents. Eat Behav 2008;9:218–27.
8. Witherspoon D, Latta L, Wang Y, Black MM. Do depression, self-
esteem, body-esteem, and eating attitudes vary by BMI among Afri-
can American adolescents. J Pediatr Psychol 2013;38:1112–20.
9. Micali N, De Stavola B, Ploubidis G, Simonoff E, Treasure J, Field AE.
Adolescent eating disorder behaviours and cognitions: gender-specific
effects of child, maternal and family risk factors. Br J Psychiatry 2015;
207:320–7.
10. Micali N, Holliday J, Karwautz A, Haidvogl M, Wagner G, Fernandez-
Aranda F, Badia A, Gimenez L, Solano R, Brecelj-Anderluh M, et al.
Childhood eating and weight in eating disorders: a multi-centre Eu-
ropean study of affected women and their unaffected sisters. Psy-
chother Psychosom 2007;76:234–41.
11. Field AE, Austin SB, Taylor CB, Malspeis S, Rosner B, Rockett HR,
Gillman MW, Colditz GA. Relation between dieting and weight
change among preadolescents and adolescents. Pediatrics 2003;112:
900–6.
12. Stice E, Presnell K, Shaw H, Rohde P. Psychological and behavioral
risk factors for obesity onset in adolescent girls: a prospective study. J
Consult Clin Psychol 2005;73:195–202.
13. Neumark-Sztainer D, Wall M, Story M, Standish AR. Dieting and
unhealthy weight control behaviors during adolescence: associations
with 10-year changes in body mass index. J Adolesc Health 2012;50:
80–6.
14. Neumark-Sztainer D, Wall M, Guo J, Story M, Haines J, Eisenberg M.
Obesity, disordered eating, and eating disorders in a longitudinal study
of adolescents: how do dieters fare 5 years later? J Am Diet Assoc
2006;106:559–68.
15. Yanovski SZ. Binge eating disorder and obesity in 2003: could treating
an eating disorder have a positive effect on the obesity epidemic? Int J
Eat Disord 2003;34Suppl:S117–20.
16. Tanofsky-Kraff M, Yanovski SZ, Schvey NA, Olsen CH, Gustafson J,
Yanovski JA. A prospective study of loss of control eating for body
weight gain in children at high risk for adult obesity. Int J Eat Disord
2009;42:26–30.
17. Micali N, Ploubidis G, De Stavola B, Simonoff E, Treasure J. Fre-
quency and patterns of eating disorder symptoms in early adolescence.
J Adolesc Heal 2014;54:574–81.
18. Micali N, Solmi F, Horton NJ, Crosby RD, Eddy KT, Calzo JP,
Sonneville KR, Swanson SA, Field AE. Adolescent eating disorders
predict psychiatric, high-risk behaviors and weight outcomes in young
adulthood. J Am Acad Child Adolesc Psychiatry 2015;54:652–9.
19. Wade KH, Kramer MS, Oken E, Timpson NJ, Skugarevsky O, Patel R,
Bogdanovich N, Vilchuck K, Smith GD, Thompson J, et al. Prospective
associations between problematic eating attitudes in midchildhood and
the future onset of adolescent obesity and high. Am J Clin Nutr 2016;
105:306–12.
20. Smith GD, Ebrahim S. “Mendelian randomization”: can genetic epi-
demiology contribute to understanding environmental determinants of
disease? Int J Epidemiol 2003;32:1–22.
21. Smith GD, Ebrahim S. Mendelian randomization: prospects, potentials,
and limitations. Int J Epidemiol 2004;33:30–42.
22. Davey Smith G. Mendelian randomization for strengthening causal
inference in observational studies: application to gene x environment
interactions. Perspect Psychol Sci;2010;5:527–45.
23. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors
for causal inference in epidemiological studies. Hum Mol Genet 2014;
23:R89–98.
24. Lawlor DA, Harbord RM, Sterne JAC, Timpson N, Davey Smith G.
Mendelian randomization: using genes as instruments for making
causal inferences in epidemiology. Stat Med 2008;27:1133–63.
25. Didelez V, Sheehan N. Mendelian randomization as an instrumental
variable approach to causal inference. Stat Methods Med Res 2007;16:
309–30.
26. Haycock PC, Burgess S, Wade KH, Bowden J, Relton C, Davey
Smith G. Best (but oft-forgotten) practices: the design, analysis, and
interpretation of Mendelian randomization studies. Am J Clin Nutr
2016;103:965–78.
CAUSAL ROLE OF BMI ON DISORDERED EATING 771
 at UNIV CO
LLEG
E LO
NDO
N on Septem
ber 29, 2017
ajcn.nutrition.org
D
ow
nloaded from
 
27. Boyd A, Golding J, Macleod J, Lawlor DA, Fraser A, Henderson J,
Molloy L, Ness A, Ring S, Davey Smith G. Cohort profile: the “chil-
dren of the 90s”–the index offspring of the Avon Longitudinal Study of
Parents and Children. Int J Epidemiol 2013;42:111–27.
28. Goodman R, Ford T, Richards H, Gatward R, Meltzer H. The de-
velopment and well-being assessment: description and initial validation
of an integrated assessment of child and adolescent psychopathology. J
Child Psychol Psychiatry 2000;41:645–55.
29. Shultis WA, Leary SD, Ness AR, Bain CJ, Emmett PM, ALSPAC
Study Team. Does birth weight predict childhood diet in the Avon
Longitudinal Study of Parents and Children? J Epidemiol Community
Health 2005;59:955–60.
30. Morales E, Groom A, Lawlor DA, Relton CL. DNA methylation sig-
natures in cord blood associated with maternal gestational weight gain:
results from the ALSPAC cohort. BMC Res Notes 2014;7:278.
31. Anderson EL, Tilling K, Fraser A, Macdonald-Wallis C, Emmett P,
Cribb V, Northstone K, Lawlor DA, Howe LD. Estimating trajectories
of energy intake through childhood and adolescence using linear-spline
multilevel models. Epidemiology 2013;24:507–15.
32. Richmond RC, Davey Smith G, Ness AR, den Hoed M, McMahon G,
Timpson NJ. Assessing causality in the association between child ad-
iposity and physical activity levels: a Mendelian randomization anal-
ysis. PLoS Med 2014;11:e1001618.
33. Deering S. Eating disorders: recognition, evaluation, and implications for
obstetrician/gynecologists. Prim Care Update Ob Gyns 2001;8:31–5.
34. Rouzitalab T, Pourghassem Gargari B, Amirsasan R, Asghari
Jafarabadi M, Farsad Naeimi A, Sanoobar M. The relationship of
disordered eating attitudes with body composition and anthropometric
indices in physical education students. Iran Red Crescent Med J 2015;
17:e20727.
35. Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR,
Powell C, Vedantam S, Buchkovich ML, Yang J, et al. Genetic studies
of body mass index yield new insights for obesity biology. Nature
2015;518:197–206.
36. Burgess S, Thompson SG. Use of allele scores as instrumental vari-
ables for Mendelian randomization. Int J Epidemiol 2013;42:1134–44.
37. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with
invalid instruments: effect estimation and bias detection through Egger
regression. Int J Epidemiol 2015;44:512–25.
38. Bowden J, Del Greco FM, Minelli C, Davey Smith G, Sheehan N,
Thompson JR. A framework for the investigation of pleiotropy in two-
sample summary data Mendelian randomization. Stat Med 2017;36:
1783–802.
39. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent esti-
mation in Mendelian randomization with some invalid instruments
using a weighted median estimator. Genet Epidemiol 2016;40:304–14.
40. Burgess S, Scott RA, Timpson NJ, Davey Smith G, Thompson SG.
Using published data in Mendelian randomization: a blueprint for ef-
ficient identification of causal risk factors. Eur J Epidemiol 2015;30:
543–52.
41. Boraska V, Franklin CS, Floyd JA, Thornton LM, Huckins LM,
Southam L, Rayner NW, Tachmazidou I, Klump KL, Treasure J, et al.
A genome-wide association study of anorexia nervosa. Mol Psychiatry
2014;19:1085–94.
42. Hemani G, Zheng J, Wade KH, Laurin C, Elsworth B, Burgess S,
Bowden J, Langdon R, Tan V, Yarmolinsky J, et al. MR-Base: a plat-
form for systematic causal inference across the phenome using billions
of genetic associations. bioRxiv 2016;78972.
43. Wade TD, Gordon S, Medland S, Bulik CM, Heath AC,
Montgomery GW, Martin NG. Genetic variants associated with dis-
ordered eating. Int J Eat Disord 2013;46:594–608.
44. Fairburn CG, Brownell KD. Eating disorders and obesity: a compre-
hensive handbook. 2nd ed. Oxford (United Kingdom): The Guildford
Press; 2002.
45. Smolak L, Thompson JK. Body image eating disorders and obesity in
youth: assessment prevention, and treatment. Washington (DC):
American Psychological Association; 2002.
46. Micali N, Field AE, Treasure JL, Evans DM. Are obesity risk genes
associated with binge eating in adolescence? Obesity (Silver Spring)
2015;23:1729–36.
47. Babio N, Canals J, Pietrobelli A, Pe´rez S, Arija V. A two-phase pop-
ulation study: relationships between overweight, body composition and
risk of eating disorders. Nutr Hosp 2009;24:485–91.
48. Field AE, Camargo CA, Taylor CB, Berkey CS, Roberts SB,
Colditz GA, Field A, Wolf A, Herzog D, Cheung L, et al. Peer, parent,
and media influences on the development of weight concerns and
frequent dieting among preadolescent and adolescent girls and boys.
Pediatrics 2001;107:54–60.
49. Bulik-Sullivan B, Finucane HK, Anttila V, Gusev A, Day FR, Loh P-R,
Duncan L, Perry JRB, Patterson N, Robinson EB, et al. An atlas of
genetic correlations across human diseases and traits. Nat Genet 2015;
47:1236–41.
50. Duncan L, Yilmaz Z, Gaspar H, Walters R, Goldstein J, Anttila V,
Bulik-Sullivan B, Ripke S, Thornton L, Hinney A, et al. Significant
locus and metabolic genetic correlations revealed in genome-wide
association study of anorexia nervosa. Am J Psychiatry 2017 May 12
(Epub ahead of print; DOI: 10.1176/appi.ajp.2017.16121402).
51. Fairburn CG, Harrison PJ. Eating disorders. Lancet 2003;361:407–
16.
52. Angrist JD, Krueger AB. Split-sample instrumental variables estimates
of the return to schooling. J Bus Econ Stat 1995;13:225–35.
772 REED ET AL.
 at UNIV CO
LLEG
E LO
NDO
N on Septem
ber 29, 2017
ajcn.nutrition.org
D
ow
nloaded from
 
